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MAXIM'S CHARTER 

To Become a Full Line Supplier of 
Analog and Data Acquisition Products 



ADVANTAaE 



MAXIM'S PRODUCT LINE 

• A / D Convett«ri 

• Operational Amplifiers 

• Display Drivers /(kMinters 

• Power Supply CircuiUt 

• Analog Switches 

• Filters/ Interface Circuits 
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MAXIM TECHNOLOGIES 

• Silicon Gate CMOS 

• 20V Metal Gate CMOS 

• 40V Metal Gate CMOS 

• 44V Bipolar 

• Hybrtd 

• Thin Film 

• Laser Trimming 



AD¥AMTAeE 



FOUNDRY BENEFITS 



Multiple wafer fab lines for each technology 
Multiple technologies available 
— Maxim chooses beM technology for each 
product 

Controlled by 5 process directors 
Process specifications set by Mswim 
Madm accepts only "100% toSpm^ wnSwt 



ADVANTAGE 



MAXIM'S AUDITED 
RELIABILITY RESULTS 



FAILURES IN ONE 
BILLION HOURS 



Certified By: Coopers & Lybrand 
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SEMINAR OVERVIEW 

• Power Supplies - CMOS for High Efficiency 

• SCR and ESD - Causes and Cures 

• (ntegrating A/D Converters 

• OP Amps - Chopper Stabilization 

• Display Drivers - Minimize |jlP Overhead 

• Switches and Multiplexers 

• RS-232 In Stnf te Supply +5V Systems 
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POWER SUPPLY PRODUCTS 



• CMOS Linear 
Regulators 

• Power Failure/ 
Supervisory Circuit 

• DC-DC Conver^rs 

• mmmm to sv oc 



±5 
±15 
ANY DC 



•■I:. S 'C . 
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POWER SUPPLY APPLICATION CIRCUITS 

• 9V Battery to ±5V 

• EEPROM and CMOS RAM Write Protect 

• Power Failure Warning and \iP Reset 

• 3V to 5V DC-DC Converter 

• 5V to ±15V 

• Battery Life Extension 



Maxim has a broad line of power supply 
circuits, and intends to continue adding 
new proprieteury products which further 
reduce design effort, circuit conplexity 
and total cost. 

Recognizing a need for products in 
additi(»i to simple three terminal reg- 
ulators, Maxim has developed regulators 
with microamp quiescent currents for 
battery powered applications, DC-DC con- 
verters which significantly simplify 
system design by economically generating 
different power supply voltages on 
individual PCBs, and monitoring/ super- 
visory cirmits Whiidi ^|@nerate reliable 
power fail and reset signals. 



MAXIM POWER SUPPLY CIRCUITS 
Unear 

• ICL7663/64 Voltage Regulators 

1 0|xA Quiescent Current 
40mA Output Current 

• MAX663/664/66e 

1 2^A Quiescent Current 
Fixed +5V (663/666) 
Fixed -5V (664) 
Programmable Output as Well 
Low Battery Detect (666) 

• MAX8211/8212 and ICL7e65 Voltage Detectors 
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MAX 663/4/6 
Voltage Regulators 

• Adfuslabie or Rxed +5V (663) 

-5V (664) 

• IMAX 663 Positive Regulator 
MAX 664 Negative Regulator 

MAX666 Positive Regulator with Low Voltage Detect 

• tOjuA Quiescent Current 

• 40mA Output Current 

• 1% Output Voltage Accuracy 

• Alternative Output Voltage Available 
Waier Lewi THm, ±2% of SpecMed Value 



The MAX663 and MAX664 are pin compatible 
i^jgrades of the ICL7663 emd ICL7664, yet 
have fixed 5V outputs vhen Vggj, is 
grounded. Using Maxim's Dual Mode*" 
circuitry, the Vgg>j. pin also fxmctions 
like the ICI.7663's 1.3V feedback input, 
which allows the user to select any 
output voltage vising t:wo external resis- 
tors if an output voltage other them the 
internally preset +5V is desired. 

The MAX666 is similar to the MAX663 
positive voltage regulator, but Tnas a 
1.3V comparator which can be used for 
low battery detection. 



ADVAMTAGE 



9V BATTERY TO ±5V 



r 
I 



100 r 




LOW UTTEIir WMMIIK 



. »oui 
' u 
■SENSE 



||,= 5»A 



n. 



40 m* 



The ICL7660 converts the +9V battery 
voltage to -9V. "me MAX666 and MAX664 
regulate the +9V to +5V vrtiile the NAX666 
also monitors the 9V battery voltage and 
issues a Low Battery warning signal vrtien 
the battery nears its end of life. 

The HAX666 and MAX664 draw less than 
12uA maximum operating current each, 
while the ICL7660 typically draws llOuA. 
For low negative output currents, the 
ICL7660's operating current can be re- 
duced by adding an external capacitor to 
lower the internal oscillator frequency, 
with a IkHz oscillator frequency, the 
ICL7660 typically draws 40uA. 
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ADVANTAGE 




Using only 12uA maximum operating cur- 
rent, the MAX666 can deliver up to 40mA 
of current via its NPN output stage. 
Unlike circuits with PNP pass treinsis- 
tors, the NPN base current is delivered 
to the load for maximum efficiency. The 
MAX666 dropout voltage is typically 0.8V 
at 40inA. 

other features that optimize the 
MAX666 for battery powered systems are 
the logic level Shutdown input; and the 
liow Battery comparator. 

The comparator connected to the Vggj 
pin selects the internal voltage feed- 
back resistors (preset to +5V) when Vg^r^, 
is below 50mV, and routes the Vgj,,p input 
voltage to the feedback error amplifier 
"A" if the Vggsj, voltage is above 50mV. 
With this patent pending Dual Mode*" 
circuit, the MAX666/663/664 can offer 
both the siiqplicity and low cost of a 
fixed output voltage regulator and the 
flexibility of an externally adjustable 
regulator, and do so in a compact 8 pin 
cnCP or surface mount pa^egige. 
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\i nit Sinti f^otAf^tnr 




• Dual Comparator 




• Bandgap Reference 




• 1 0\lA Max Supply Current 




• Adjustable Hysteresis 




• 10nA Max Input Current 





With a guaranteed maxiimim of lOuA 
operating current, the ICL7665 is well 
suited for both low battery detection 
circuits and for power switcdx-over and 
false write protection of battery backed 
up CMOS RAM. Designed specifically for 
voltage detection, the ICL7665 has both 
a 1.3V reference and auxilliary outputs 
virtiich ease the addition of hysteresis. 



yHyJxiyH 

ADVANTAGE 




ADVANTAGE 



POWER FAIL ALARM WITH RESET 



REGULATOR 



T 




WRITE ENABLE 



Note that vAiile both hysteresis outputs 
ai« noninverting, OdTl is inverting and 
0UT2 is noninverting. All four outputs 
are open-drain to simplify the interface 
betwe^ dif fer^t voltage levels. 



This circuit monitors both the 5V output 
and the unregulated DC input voltage of 
a 7805 three terminal regulator. When 
the unregulated DC input voltage falls 
below 8.0V, the Power Fail Warning sig- 
nal goes high. The 7805 will continue 
to supply +5V for a ^ort period of 
time, drawing its power from the 4700uF 
filter capacitor. This gives the uP 
-tiiae to save data in CMOS or EBPROM 
and to perform an orderly system shut- 
down. Since the 7805 will deliver a 5V 
output lantil its input voltage falls to 
7.3V, the 7805 will provide OA for at 
least 3.5ms. 

When the 5V output falls below 4.5V, 
the Reset or Write Enable output fron 
the ICL7665 goes low. This signal can 
be used to reset the uP on power-up, or 
to gate off the f^ite cuid Chip Enedsle 
si^pials to ^SIKM and CSfOS B&M during 
power-ilctni . 
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MAX 8211/8212 

Micropower Voltage Oetectxirs 

Features: 

• Improved 2nd Source for ICL8211/8212 

• Low Power CMOS Design 

• 5/jA Quiescent Current 

• Onboard Hysteresis Outpute 

• ±40mV Threshold Accuracy (±3.5%) 

• 2.0V to 16.5V Supply Voltage Range 

• Defined Output Current Limit— MAX821 1 

• H^h Oit^t Curfs»«t CapaMt%— MAX8212 



Often used for EEPROM and CMOS RAM 
memory bac]<up circuits, the MAX8211/12 
offer lower operating current and 
tighter threshold accuracy than the 
bipolar ICL8211/12. 

As single channel versions of the 
ICL7665, the MAX8211/12 Ixjth Contain a 
1.15V bandgap reference, a voltage com- 
parator, and both hysteresis and logic 
out^ts^ Hhe MAX8211 contains a non- 
inverting comparator while the Mi^^2X2 
has an inverting comparator. 
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MAX 8211/8212 

Micropower Voltage Detectors 



i 
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MAXe211 

OUTPiJT 

THHESHOLD 

GnUNO 



This sinplest application g^erates a 
signal that goes low whenever the input 
voltage falls below 4.5V — useful for 
generating a reliable uP reset signal 
during brownouts. Htna h^teresis ouQ>ut 
and the 49.9k resistor add lOOmV of 
hysteresis, which prevents repeat:ed 
swit^ing ait the riffle freqomcy if the 
output remiits near 4,3V duriiig a power 
brownout. 
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DC-DC Converter Selection Table 



DC-DC Converters 



DEVICE 


DESCRIPTION 


INPUT VOLTAGE 


OUTPUT VOLTAGE 


COMMENTS 


ICL7660 


Charge Pump Voltage Inverter 


1.5V to 10V 




Not regulated 


MAX4193 


DC-DC Boost Converter 


2.4V to 16.5V 


VqUT ^ 


RC4193 2nd source 


MAX630 


DC-DC Boost Converter 


2.0V to 16.5V 


VquT 


Improved RC4191 2nd source 


MAX631 


DC-DC Boost Converter 


1.5V to 5.6V 


+5V 


Only 2 external components 


MAX632 


DC-DC Boost Converter 


1.5V to 12.6V 


+12V 


Only 2 external components 


MAX633 


DC-DC Boost Converter 


1.5V to 15.6V 


+15V 


Only 2 external components 


MAX4391 


DC-DC Voltage Inverter 


4V to 16.5V 


up to -20V 


RC4391 2nd source 


MAX634 


DC-DC Voltage Inverter 


2V to 16.5V 


up to -20V 


Improved RC4391 2nd source 


MAX635 


DC-DC Voltage Inverter 


2V to 16.5V 


-5V 


Only 3 external components 


MAX636 


DC-DC Voltage Inverter 


2V to 16.5V 


-12V 


Only 3 external components 


MAX637 


DC-DC Voltage Inverter 


2Vto 16.5V 


-15V 


Only 3 external components 


MAX638 


DC-DC Voltage Stepdown 


3V to 16.5V 


VoUT < 


Only 3 external components 


MAX641 


High Power Boost Converter 


1.5V to 5.6V 


+5V 


Drives external IWOSFET 


MAX642 


High Power Boost Converter 


1.5 V to 12.6V 


+12V 


Drives external N^OSFET 


MAX643 


High Power Boost Converter 


1.5V to 16.8V 


+15V 


Drfwes extenial MOSFET 
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.ADVANTAGE 



MAX 4193 

yuPower Switching Regulator 



-tx- 



MAX4193 



-«PUT = -'15V 



The charge pump voltage inverter of the 
ICL7660 can best be understood by 
analyzing this idealized equivalent cir- 
cuit. When SI and S3 close, capacitor CI 
charges to +Vjjj on its upper terminal 
while is lower terminal is connected to 
grotirai. During the other phase of the 
onboard clock, SI and S3 open, *rtiile S2 
and S4 close. 

When S2 closes, the upper terminal of 
capacitor 01 is connected to ground, but 
the capacitor still has voltage across 
it, and its lower terminal will be at 



jjj. Switch S4 connects this negative 



-V 

voltage to the output filter, C2. 

This widely second sourced IC was 
invented by Maxim's Dave Bingham in 
1977. At Maxim, he has improved his 
original design by eliminating the need 
for an external diode, improving its SCR 
latchup and ESD protections, and by 
producing a. reliable 
device. 



This simple circuit is a complete +5V to 
+15V DC-DC converter. The MAX630 and 
MAX4193 have all control circuitry on- 
board: bandgap reference, output voltage 
feedback comparator, oscillator, and a 4 
ohm N-channel power MOSfBT output for 
driving the inductor. 



ADVANTAGE 



MAX 630 

//Power Switching Regulator 

• High Efficiency - 80% Typical 

• Low Quiescent Current - TOfiA 

• Adjustable Output - 1.3V to ISV 

• Output Current - 150mA 

• Internal Reference - 1.31V 

• Remote Shutdown Capability 

• Ptn and Ftinetlonally Equivalent to RC4191/2/3 



An enhanced version of tdie HAX4193, the 
MAX630 has both the low operating cur- 
rent required for battery powered sys- 
tem, and the siiif»licity of application 
desired for local, board level DC-DC 
power supplies. 
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BATTERY LIFE EXTENSION DOWN TO 3V IN 



< Z4Mfl 



HtST 

>viyixiyli 

MAX8212 «T 



T 



MAX630 



I- 



1 



When the battery voltage is above 7.0V, 
the MAX8212 pulls the MAX630 pin low, 
keeping its power supply current below 
luA. When the battery voltage decays to 
7.0V, the MAX8212 turns on the MAX630. 
The MAX630 will then boost the battery 
voltage cis needed, delivering up to 20iiA 
at a constant 6.0V until the battery has 
fallen to less than 2V! Higher output 
current can be obtained by either 
lowering the value of the inductor or 
decreasing the oscillator frequency. 



ADVANTAGE 



+5 \rOLTS to +1 5 VOLTS 



1" 



I 



MAxeso 

Li 



GND 
LBO 



T 



1*^ 

M. 



1 




220 mH PRIMARV 
MlSmPIITCOilE 



^ li 



-I6V 



The center winding of the transformer is 
rectified to provide +15V. The right 
hand winding is bifilar wound with the 
+15V winding, and is rectified to pro- 
vide a -15V output. The +15V output is 
fully regulated since it supplies the 
MAX630's feedback voltage. The -15V 
output is semi-regulated, and will vsacy 
less than 10% as the +15V load changes 
from 10% to full load. The diode con- 
tacted to the transformer primary is 
used only foi^ initial startup. 
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MAX 631/32/33 
Boost Converters 

• Rxed Output Voltages 
MAX 631 +5V 
MAX 632 +12V 
NMX633 +15V 

(AH Devices can be Externally PrDgrammed) 

• Low Quiescent Currect - 9Q^A 

• Output Current - 150mA 

• Internal Beferer>ce - 1.31V 

• Fixed Internal Oscillator - 70KHz 

• Only Two External Components 
1 1nduetor, 1 Ci^atitor 



3 VOLTS TO 5 VOLTS 



47M 







VCUT 


Lx 












MAxem 




LBR 


GND 


Vfb 



5«±2% 



The world's simplest DC-DC converter 
circuit. This is the complete (not a 
siaplifiecl) eiteolt of a 3V to 5V DCHX: 
converter. The output ctorrent cf^iabilty 
is 20mA with the 470uH inductor. 
Decrease tl» indoctrar value to increase 
:^^>ut current capability. 

Use the same circuit with a I1AX632 or 
MAX633 to get a +12 V (HAX632) or +15V 
(MAX633) output. 
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MAX 634 

/rfH>wrer Inverting Switching Regulator 

• Convert Positive Voltage Into a NeosHve VolUige 

• Adjustable Output Voltage 

• Higli Switch Current Capability - 150mA 

• Low Quiescent Supply Current - 15(V<A 

• Low Battery Detection CbctMry 

• Vtn to Voui C toaran le eii to Wi 



The MAX634 is an enhanced CMOS version 
of the bipolar RC4391 inverting switch- 
ing regulator, with lower operating 
curroit moA ia^nroved output voltage 
accuracy . 

The basic operating circuit requires 
only two external resistors, an induc- 
tor, a diode, and three capacitors. 
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REGULATED VOLTAGE INVERTER 



R5 

lookn 



M 
R3 

LOW I 2"""^ , 

BATTERY -*--* '— 

OUTPUT 

3 

47pF FOR 40kHZ 
150pF FOR 14kHZ 



LBR 



GND 



Vfb 



LBO /M^xiyw Vref 

mX634 

MAX4391 

CX +VS 



Rl 

75Kn 
— wv— 

:r2 If 



VOUT = -ViN 



-N.C. 



75Kri IiooOmF 



ZIN4M 
D1 



ILx 



This circuit performs the same function 
as an ICL7660, but has 0.5% load regula- 
tion and will deliver up to 250mW of 
output power. 

The MAX634 pulses the pin as 
needed to keep the Vj.q terminal at zero 
volts. With Rl equal to R2, the nega- 
tive output voltage is equal to the 
positive input voltage. 

For a fixed output voltage, connect 
the lower end of R2 to the +1.25V Vg^j, 
output Bather than to the input voltage. 
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MAX 635/6/7 

Inverteg ^niierlefs 

• Fixed Output Voltages 
MAX 635 -5V 

MAX 636 -12V 
MAX 637 -15V 

(All Devices can be Externally Programmed) 

• Low Quiescent Current - 90fjA 

• Internal Reference - 1.31V 

• Low Battery Detection 

• High Switch Current Capability 

• Fixed Internal Oscillator - 70KHz 

• Only Three External Components 
1 inductor, 1 Capacitor, 1 Dtode 



At 



mHHTAGE 



MAX635 +V to -5V 
Minimum Parts Inverter 





VlH VOUT 








i 




MAX635 




■ I 




GND Lx 


















1 Lx 



Use an identical circuit vlth. the HAX636 
or MAX637 to pro<to}ce -12V (MAX636) or 
-15V (MAX637). 
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MAX 638 

Step-Down Cmwerter 

• +15V to +5V Converter 

• Low Quiescent Current - 90^A 

• High Efficiency - 80% Typical 

• Adjustable Output Voltage 
2 External Resistors 

• Remote Shutdown 

• Internal Reference - 1.31V 

• Alternative Output Voltages Available 
Wafer Level Trim, ±2% of Specified Values 



The high efficiency HAX638 beats even 
low-dropout series pass regulators for 
high efficiency conversion of a 12V or 
9V battery to +5V and i©»er output 
voltages, at currents fram 2iiiA to 40iA. 



aovmhtage 






MAX641/42/43 


HI 


gf) Power Bo#st dmverters 


• 


Fixed Output 5, 12, and ISV 


• 


Minimum External Components 


• 


No Output Programming Resistors 


• 


Drives ExtemftI MOSFCr Directly 


• 


Mferope>wer StaiHi -tiy OfMM^ti^n 



The onchip power FET of the MAX631/32/33 
and MAX641/42/43 is suitable for output 
power levels up to about 250mW. For 
higher output power, the MAX641/42/43 
can directly drive the gate of an exter- 
nal power MOSFET. The MAX641/42/43 are 
intended for DC-DC converters up to the 
10 watt Iwvml. 
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INDUCTOR FEATURES 


• MQided Coils 


- Low Cost 




- Resistor Size 




- Low Efficiency 


• Petted Tertods 


- High Efficiency 




- High Cost 


• Pot Cores 


- High Efficiency 




- Windtng Versatiltty 


• Toroiial fores 


- Lightest Weight 




- Low Core Cost 




- High Winding Cost 



See the H%X630 data sheet for fxirther 
inforiBatien about inductaes. 



Coil and Core 
Manufacturers 



MANUFACTURER 


TYPICAL 
PAIiT» 


DESCRIPTION 


MOLDED INDUCTORS 


Dale 


IHA-104 


500mH, 0.5 ohms 


Nytronics 


WEE-470 


470;uH, 10 ohms 


TRW 


LL-500 


SOOmH, 0.75 ohms 


POTTED TOROrOAL INDUCTORS 


Dale 


TE-3Q4TA 


1 mH, 0.82 ohms 


TRW 


MH-1 


600mH, 1.9 ohms 


Torotel Prod. 


PT 53-18 


aOOjuH, 5 ohms, 


FERRITE CORES AND TOROIDS 


Allen Bradley 


T04S1S100A 


Tor. Core, 
500nH/T2 


Siemens 


B64290-K38-X38 


Tor. Core, 4mH/T2 


MEtgnetics 


555130 


Tor. Core, 
53nH/T2 


Stackpole 


57-3215 


Pot Core, 
14mm X 8mm 


Magnetics 


G-41408-25 


Pot Core, 

14 X 8, 250nH/T2 



Note: This list does not constitute an endorsement by Maxim 
Integrated Products and is not intended to be a 
comprehensive list of all manufacturers of these 
components. 
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MAXIM POWER SUPPLY CIRCUITS ^ 

AC-to-DC 

• MAX610/600 110-220VAC Full Wave AC to DC 

• MAX61 1/601 110-220VAC Half Full AC to DC 

• MAX61 2/602 8VAG Full Wave AC to DC 
Voltage References 

• AD2700 / 2701/2710 Super Precision Reference 

• MAX670/671 Kelvin Precision Reference 

• HEF0 1 / BEF02 + 1 V / + 5 V Reference 

• ICL8069 1.2V y»w^wer Bandgap 



ADVANTAGE 



MAX 610/11/12 
AC to DC Regulator 



• 110/220 VAC to 5V DC 

• Only 3 External Components 

• Transformer is Optional 

• 50 RiA Output 



• On -board Bridge Rectifier 

• On-board 12V Zener 

• Series Pass Regulator 

• Over /Under Voltage Detector 



• Power-up Reset Delay 
Programmed by External 
Capacitor 



The MAX611/601 have a half wave rec- 
tifier vrtiich allows the negative side of 
the 5V and 12V outputs to be connected 
directly to one side of the power line 
and to the MTl of tariacs. The MAX612 
and MAX602 are intended for use in 
isolated power supplies using an 8VAC 
tarasnsfoHBer; Ihe KftxeiO/eoo rectify 
both halves of the input waveform, 
thereby reducing the value of the series 
current limiting capaeitear required for 
a given output current. Unlike laie 
HAX611/601, the output of the IIAX610/600 
cannot be ccaaoBdbeS. to one side the 
power line. 



ADVANTAGE 



MAX610/MAX600 
Simplest Line Powered 5¥ Supply 



1I?IMC 



RI- 

47!! 
1/ZW 



cr 

ISaVRMS ^ 

T 



I IM!1 I 



■ FOR 2ZDVAC 50H2 INPUT: 
RI = lOOfl. 1 W 
CI = IfiF. 280VRMS 

FOR 220VAI: em mm: 
RI = looa I w 



ACI 



/VlylXlykl 

MAX610 



»01IT 
VSENSE 



IT 



"set 



+5» 

REmn) 
oc 



The output of this power supply is NOT 
ISOLATED from t:he power line. The 
1IAX610 and any equipment powered by the 
MAX610 must be enclosed to avoid elec- 
taripal ^bock hazards. This circuit will 
deliver 50mA at 5V. 

The OUV output goes low whenever the 
output voltage falls below 4.65V. This 
signal cam be veaeA to reset a micsropro- 
cessor or other circuitry during brown- 
outs, power-up, and power-down. 
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Ihe capacitor CI, connected to the 120VAC Input, 

reactively limits the current to 40inA/uF at 
120VAC and 60Hz. The MAX610 rectifies the 
inpat, and the zener shunt regulates the current 



limited input voltage to 12.4V. This voltage is 
stored on C2 (47uF). 

The series pass regulator, similcir to that of 
the mm€3, zvgulates t^e 12.4V down to 5V.. 



ADVANTAGE 



DRIVING TRIACS 




1I7V»C 
POWER 
LINE 



■ IMI> I 
l-\N\-J 



K 

LWO 



TO 
AC 
LWO 



7h 





VOUT 








/VI>1XI>VI 


N/C 


ouv 




MAX611 


m 









3 



6 *it 



CONTROL 
SrSTERI 



SV 

LOGIC 
LEVEL 



lk!> /77 

-ws 



470/iF 
15V 



LEVEL SWmil, 
OR OPEN 

COLLECTOR 
BUFFER SUCH 
«SRICI«04 

♦l» OUTPUT 



Note that V~ is tied to the same point as one 
side of the power line and the MTl of the triac. 
The 12V out5>ut at the MAX611 V"*" is used to 
provide a hi^ level drive for the triac gate. 



The OOV output can be used to disable the triacs 
vdienever the 5V output falls below 4.65V. This 
puts the triacs into the OFF state during brown- 
outs, power-v^ and power-down. 
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mVANTAGE 




AU^TUU/Z7U i/Z 7 lO 




Precision Voltage References 




• Pin for Pin 2nd Source for Anaiog Devices 




• Excellent Inrtial Accuracy 




Ano7nn/97ni 4-/ mu +0 Rm\/ 

ML/^f uU/^f U 1 17- 1 U V x^.oin V 




AD2710 +10V±1mV 




• Low Temperature Coefficient 




AD2700/01 3ppm/°C 




AD2710 . 1ppm/°C 




• Long Term Stability, SOppm/IOOOhrs 




• Low Noise, 6//Vp-p typ. 




• 10mA Output Current 




• Load Regulation - 50ftV/vf\A max 




• Une Regulation - lOd^V/j/ 





The AD2710 achieves a Ippm voltage temp- 
erature coefficient via ultra-stable 
zeners, and laser trimming of both the 
initial voltage and tanpco. It does NOT 
use a heated substrate, which degrades 
the long tenn stability. The long term 
stability is SOppa at 50°c. 



ABVAHTJkGE 



VARIABLE PRECrSlON REFERENCE WITH AD2710 

I No Trims • Buffered Output • Kelvin Sensing • O.lmV Resalutton 

— - laoooov 



■15V 

JL 



AD2710 



tmn X 



LH0002 




MAX4SS 



-o +FflBC£ 



ion 



-Wt- 



-Q+SI^ 



PRECISION VOLTAK DtVllSil 
ESI 0P1311 



I.Bkn 



: ion 



-O -FORCE 



-15V 



An AD2710 reference and a precision 
voltage divider ccanbine to make a to 
lO.OOOV variable reference that requires 
no trimming. A MAX420 "no-drift" op-amp 
and IH0002 buffer provide Ifelvin sensed 
outputs. Using the ESI divider shown, 
the reference is settable in lOOuV 



ADVANTAGE 



MAX670/671 
Kelvin Precision References 

• Precision +10V, 1 ppm/°C (MAX671) 

• Force+Sense for Vqut and Qnd 

• Excellent Line and Load Regulation 

• ±10mA Output Current Capability 

• Low Noise, 6|xV p-p 

• Increased Current Capability with Stability 
and Accuracy Maintained 

• 14 Pin Stdebrazed Ceramic 



The AD2710 is an excellent Ippm 
reference provided the load current is 
const:ant. Unfortuately, load current 
changes rapidly degrade its output 
accuracy. For example, a 5mA change in 
loaKl cme&it iti only 20 milli-ohms of 
resistance between the AD2710 and its 
load will result in a lOppm change in 
the output voltage. Uie MAX670/671 
eliminate these errors by adding Kelvin 
connections (also called remote sensing) 
to both the outqpit aiid groui^ of the 
AD2710. 
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ADVANTAGE 



HIGH CURRENT lOV REFERENCE 

MAX 670 





In addition to solving the problem of 
delivering a stable voltage at the point 
of use, the Kelvin sense pins of the 
MAX670/671 enable the design of other 
circuits, such as this high current 
reference. The external NPN treinsistor 
boosts the maximum output current to 
over lOOmA while significantly improving 
the load regulation and output impedance. 



ADVANTAGE 



REF01/02 

Voltage References 

• Pi«cision Output Voltage 

REFOI +10V±0.3% 
REF02 +5V ±0.3% 

• Adjustment Range 

REFOI ±3% 
fVEFOZ ±6% 

• Low Noise 

REFOI 2(V<Vp^ 
REF02 1(V<Vp.p 

• Wide Input Voltage Range, (Vout +3V) to 

• Low Supply Current - 1.4mA max 

• High Load Driving Capability - 20mA 

• Ptn for Ptn 2nd Souree 



Situated midway between the AO2700 and 
the ICL8069 in both price and perfor- 
mance, the monolithic REFOI and PEF02 
are available in 8,5 ami 25 ppm/°C 



ICL 8069 

Low Volt^e Reference 

• 1.2V Temperature Compensated 

• Low Bias Current - 50//A Min. 

• Low Dynamic impedence - 10 Typ 

• 5mA Maximum Current 

• Low Noise, 10Hz to lOKHz - S^V 



^l/jxixki 

JUDVANTAGE 



A low cost 2-terminal, 1.23V reference 

with available temperature coefficients 
ranging from lOppm (A suffix) to lOOppm 
(D suffix). 



ADVANTAGE 



ESD /SCR 




CAUSES / PREVENTION 
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ADVANTAGE 






ESD SYMPTOMS 


• 


High Reject Rate in Production 




ln/*rosicoH Roiof^te in Wintoi* anH Flru WostthAi* 
iiiiricaocu ncjcbis iii iviiiici diiu uiy vvcaiiii?! 


• 


Inputs Shorted to V^or V 


# 


High Input Leakage 


• 


Latent Field Failures 







ESD damage often appears as a 1mA to 
2O111A short between an input and V"*". 
Since low humidity increases the voltage 
of most static generators, ESD failures 
tend to occur more often in dry weather. 
Since heating cold air reduces its rela- 
tive himidilzy, ESD problems are also 
generally most severe in Winter. 

In addition to causing immediate 
failures, ESD can cause reliability 
problens since partial ESD failures may 
pass board level tests, aisA then later 
fail at the vmmt'a location. 



ESD CIMES 

• Better IC Design 

IVIaxim's Target: 2000V per 883C, IVIethod 3015.2 

• Antistatic Material 

Tubes, Foam, Benchtops, Tote Boxes 

• Proper Handling 

Gfcitineled Wrtststraps, Use Antiststte Materiat 



Maxim designs in ESD protection from the 
start. We have a corporate goal of at 
least 2000V protection on all device 
pins, with particular emphasis on the 
comer pins, since these are the pins 
most often handled and "zapped". We 
have chosen 2000V as the target because 
that is the level specified for Class B 
designation by Mil Std 883, and because 
it is relatively easy to keep ESD static 
levels below 2000'i^ by using slj^le 
precautifflis. 



ADVANTAGE 



TYPICAL ESD GENERATORS 



Relative Humidity 
Low, 10-20% High, 65-90% 



IVIeans of Static Generation 

Walking Across Carpet 35,000V 1500V 

Walking Over Vinyl Floor 12,000V 2SiV 

Working at Bench 6000V 100V 

Vinyl Envelopes for Work Instructions 7000V 600V 

Common Poly Bag Picked up from 20,000V 1200V 
Bench 

Work Chair Padded with Urethane Foam 18,000V ISOOV 



The 35kV developed by walking across a 
carpet in a dry environment is suf- 
ficient to destroy even bipolar TTL 
logic circuits. On the other heind, it 
is rare to see ESD voltages above 2000V 
when the relative humidity is high. "A 
Model for the Failure of Bipolar Silicon 
Integrated Circuits Stabjected to ESD," 
12th Annual Proceedings of Reliability 
Physics, 1974 by T.S. Speakman and "Gate 
Protection of MOS Devices," IEEE Trans- 
actions on Electronic Devices, ED-18, 
No. 4, April 1971 by M. Lenz linger, are 
good references for further information 
on both the levels generated by various 
ESD sources and metdhods of controlling 
the getteratl^ of ESD potontials. 
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ELECTROSTATIC VOLTAGE VS. HUMIDITY 

Measured Electrostatic Voltage (KV) 



A- Walking 20 Feet on a Rubber Floor Mat 
B - Plactle Bag Picked Up from Work Bench 
C - Walking 20 Feel on a Vbiyl Floor 
□ - Rlalng from a Siting Position 




40 60 80 

% Relative Humidity 
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ESD CLASSIFICATIONS 



VOLTAGE 
0-1000V 



MIL-STD-883C 
Class A 



1000V-2000V 



Alwve 2001V 



Class A 



ClassB 



SENSITIVITY 
Extraordinarily prone to 
damage. Failures occur 
even observing ail 
precautions. 
Prone to damage. All 
ESD precautions must be 
strtcHy observed. 
MIL-STD-883C does not 
require ESD warning 
sticl^ers. No ESD damage 
with reasonable 
precmifens. 



MAXIM ESD PROTECTION 



✓nyjxiyn 

ADVANTAGE, 



MAXIM'S ESD PROTECTION 



■^T^> ^VW- 



J 



INTERNAL 
CIRCUITRY 



A 



ESD protection of analog ICs is more 
difficult than with digital logic, since 
the leakage requirements are more 
stringent for analog TCS. in many of 
Maxim's products, the input leakage or 
bias current is dominated by the leakage 
of - ilMe pE£Aiie^i-.Qn dioiiiBs. 



ADVANTAGE 



BSD TEST CIRCUIT 
STD S83C, Me1h#d 3015.2 



isoon 

— Wv— 




4= lOOpF 



DEVICE 
UNDER 
TEST 



T 



This test circuit simulates a person 
charged to 2000V touching an IC. The 
lOOpF value was established in Mil STD 
883 as the typical capacit^uice between a 
person and earth ground. Later studies 
have indicated a slighly higher 
capacitance and lower equivalent series 
resistance, btit='t^e lOOp^ 1.5 kilcton 
standard is well established and gives 
good relative comparisons of the level 
of BSD protection of an tC. 



ADVANTAGE] 



STATIC CONTROL VENDORS 



3M 



Olympic 
Plastics 



Semtronks IMCS 



Handling Protection 

Containers, Mats, Straps • • 

Air Ionizers • • 

Test Equipment 

Potential Field Measurement • 
IKscharge Sensitivity Systems 

Packaging • • 

Training • 

IMCS, Mountain View, CA 94043, 415/964-4090 
Semtronics, Scotch Plains, NJ 07076, 201/561-9520 
3M/Statlc Control Systems, St. Paul, MN 55144, 612/452-5300 
C^ymple Plasttea, Lm Angvlm, CA tOOte, 2t3/837-S321 



Maxim uses an IMCS Model 2400B tester to 
monitor BSD protection circuit perfor- 
mance. Since ESD protection circuitry 
performance is affected by both^the 
design and the wafer fabrication 
process, Maxim tests ESD protection both 
during initial product introduction axvi 
weekly QA. checks. 
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SCR LATCHUP 

Symptoms 

• High Current, V+to V" Short 

• Catastrophic Failure 
Causes 

• Applying Input Voitsges Higtier ttian V+ 
or Below V~ 

• Very Fait Rate^Of -Rise ewi 

• Impropw Power Supply Sequench^ 



In most cases, a latched XC gets HOT! 
Easy to identify if it occurs, SCR 
latchup is also easy to avoid by follow- 
ing simple circuit design precautions. 
Host latchup problems are caused by 
failure to observe Absolute Maximum 
Ratings — usually by driving an input 
above V"*" or below V~. When this cannot 
be avoided, limiting the over-drive 
current to less than 10mA will prevent 
SCR latchup. Nevertheless, as little as 
1mA of current injected int:o on-chip 
input protection diodes, without causing 
device latchup or dajnage, may interfere 
with normal operation. 



ykiyjxiyki 

AOVANTAGE 



SCR MECHANISM 



-wv- 



I nV I I N* 

J^- ^vv- 

^ IB 
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ABVAMTAGE 



SCR MiCHANISM 

vcc 
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This cross-sectional diagram of a P-well 
CMOS IC shows a typical paurasitic SCR 
structtire. Hhs schematic below shews 
the equivalent circuit. 

Analysis of this circuit shows that 
there are two stable states, OFF and ON. 
In the desired state both Ql and Q2 are 
off. In the vmdesired state, botii Ql 
and Q2 are m or "latched up**. Latchi^ 
occurs when the product of the NPN and 
PNP bet:a is greater than 1, and enough 
current flows through Rl and R2 to 
develop 0.6V (one V^} across the 
resistors. Hie latchup is triggered by 
current injected into the terminals Gl 
and G2, which represent parasitic diodes 
and the diodes purposely designed into 
the IC for ESD protection. 

The IC designer reduces the sensi- 
tivi^ tffl SCR latcin^ by czureful layout 
techniques which lower the betas of the 
transistors and the value of Rl and R2, 
thereby increasing the trigger current 
required for SCR latcdiup. 

In many cases, Maxim has lowered the 
PNP beta such that latchup cannot occur 
with any level of trigger current. In 
other cases we design such that latchup 
will not occur with l«ss SOtfA isf ii^nit 
current. 
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AOVAKTAGE 



PREVENTING SCR LATCHUP 
VIA INPUT PROTECTION 





Schottky diodes clamp the input voltage 
to 0.4V, which is less than the 0.6V 
forward voltage of the internal diodes. 
Therefore no input current flows and 
latchup will not occur. 

In the second circuit, stcindard 
diodes clemip the input signal. Itie 100 
ohm resistor between the diodes and the 
IC input limits the current into the 
peu:asitic diodes to % isafe level, pre- 



PREVENTING SCR LATCHUP 



POWER SUPPLY CLAMPING 



PREVENTING DAMAGE 

> lODii 



»5» • 



tnuiio- 



PQWER 
-SCHOTTKY 



-l» ■ 



ADVANTAGE 



MAXIM: 



SCR SENSITIVITY 



50mA Standard. Verified during new 
product qualification 



One of the most common methods of damag- 
ing ICS is to power up the +5V before 
the -<-15V power supply is turned on. An 
IC that has an internal parasitic diode 
between its +5V and +15V power supply 
connections will atten^t to bring up the 
+15V bus to 4.4V through its internal 
diode. This may destroy the IC by 
fusing internal metallization or may 
cause SCR latchup when the +15V supply 
is later powered up. Both of these 
potential failure modes are eliminated 
if the +15V bus is kept within a diode 
drc^ of the +5V sxipply by a power 
Schottky diode connected between the +5V 
and +15V busses. The other two diodes 
^own prevent other similar potential 
fault conditions. 

The right hand circuit is a simple 
method of preventing destruction of an 
IC in those rare cases v^re latchiQ) 
cemnot be prevented. The 100 ohm resis- 
tor will limit fault current to less 
theui SOidA, keeping power dissipatirai to 
a safe level. I¥ latchup occurs, the 
power must be removed, then re-applied 
to restore normal operation. 



CQMPEimOie SmAtolOmASCRsensHivltyon 
many devices 



ADVANTAGE 



A/D CONVERTERS 



I 
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ADVANTAOE 



AD578 

3/ys 12 Bit A/D Converter 

Features: 

• Fast Conversion: 3fjs (AD578L) 

• Internal Reference 

• Low Gain TC: 30ppm/°C max. 

• LineaTtty Error .012% max. 

• No IVIissIng Codes Over Temp^atiire 

• Parallel and Serial Outputs 

• Adjustable Internal Clocic 

• Short Cycle Capability 

• Mn-ter-Rn 2nd Source 



The M>578 can provide 300,000 12 bit A/D 
conversion results each second, suitable 
for digitizing analog signals up to 
150kHz bandwidth. Alternatively, the 
AD578 can be used with multiplexers to 
monitor several lower bandwidth signals. 



ADVAHTAGE 



AD578-8085A INTERFACE 



27 

INPUT - 30 



-r^ 1Q 



GAIN I — 
ADJ. L-"-: 



^ 18 

Di 
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ADDRESS 
WR 

HIGH BYTE 
RD 

UWBYTE 




BITS6-12 

AD578 
BITSt-4 


B 


f 


1 


1 


4 








E 



ADo-7 



74LS244 
3-STATE 



In this circuit, the AD578 conversion is 
steirted by a Write pulse. Data can be 
'ifead 3 microseconds later. 

An alternative interface treats the 
AD578 as a "slow memory" by starting the 
conversion with the falling edge of the 
Read signal, and then stretching the 
Sead signal by inserting wait states 
until the 3 miscosecxmA conversi<Mi time 
has elapsed. 



ADVANTAGE 



DATA ACQUISITION SYSTEM WITH AD578 



INPUT 
CHANNELS 



ANALOG 
MUX 



SAMPLE 
/HOLD 



ATOD 
yMxixiyi/i 

AD578 



mtm. 



DATA 



2 



The high-speed AD578 Ccin rapidly sasple 
many channels. In many systems, auto- 
calibration can be performed by using 
Analog Ground and the AD578's reference 
voltage as two of the inputs to the 
analog multiplexer. Hie microprocessor 
can then measure the system gain and 
zero error (including S/H offset) and 
mathmatically corr^3t for t&ese erxors. 
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ADVANTAGE 



MAXIM 

mTEGRATING A/D CONVERTERS 



Device 


Resolution 


Sensitivity 


Output 


ICL7109 


12 Bit + Sign 


IOOijlV 


Binary 


ICL7106/16/26/36 


3 1/2 Digit 


100|jlV 


LCD 


MAX136 


3 1/2 Digit 


100|xV 


LCD 


ICL7107/17/37 


3 1/2 Digit 


IOOjjlV 


LED 


ICL7135 


4 1/2 Digit 


100 jxV 


l\/luxed BCD 


ICL7129 


4 1/2 Digit 


IOjjlV 


Triplexed LCD 



ykiyjxixki 

ADVANTAQE 



WHY USE AN INTEGRATING A/D? 

• Resolution and Accuracy Up to 16 Bits 

• Excellent Differential Linearity 

• High Normal Mode Rejection 

• No Critical Component Values 



Integrating A/Ds excel where high reso- 
lution, high accuracy, and low cost are 
required, and where relatively low 
measuraonrait ^eed is acceptcible. Typ- 
ical applications are digital voltmeters 
and panel meters; pH, temperature, and 
pressure meters; weigh scales; and 
general purpose data loggers with sample 
rates up to 30 conversions per second. 

In mainy of these applications the 
clock frequency of the A/D is set such 
that the integration period is an 
integral multiple of the 50/60Hz power 
line or mains frequency. This results 
in normal mode or differential mode 
rejection of 80+ dB, as well as 120+ dB 
oomBion mode rejectimi. 
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ADVANTAGE 



A/D TRANSFER FUNCTION 


DISPLAYED 


A FULL SCALE 


READING 


^ -AJ ERROR 


ROLLOVER 


TT^ATIOMETRIC 


ERROR 


yVl ERROR ^ 




/ / INPUT VOLTAGE 




ZERO 


/ ^ 


ERRORS 







An ideal A/D would have a digital output which 
corrosponds exactly to its input voltage. Real 
A/Ds of course have finite resolution as well as 
integral and differential linearity errors. 
Integrating A/Ds have special terms eissociated 
witii specific types of errtars. — Ratiranetric 
error is the integral linearity error with a 
positive input voltage equal to the reference 



voltage. Rollover error is the differeirce in 
magnitude of the readings for equal voltages 
near positive and negative full scale. Zero 
errors can be described as a zero offset which 
shifts the entire transfer curve up or down; or 
aa zero width errors where the transfer function 
has a discontinuity as it passasg m^EPUc^ zero. 
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ADVANTAGE 



120 kHz 



tOpf > 3^ 



+I.OOOV^> J- 




5pF 



OSC 2 OSC 1 Bupp 

INT IN 
INT OUT 

CBEF * 



IN LO 



COMMON 



REF LO 
RANGE 



larmA 



CflEF 



BACKPLANES 



SEGMENT 
LINES 



ISOkn 



0.1 ^F 



0.01 





■ 




03 1 


V 


odi 




GO J 




CD 1 


V 






■ 



gv 



Fortunately, the testing of integrating ^Ds 
does not require ccanplicated hardware. This 
relatively simple circuit can test each of the 



TABLE OF SWITCH SETTINGS FOR A/D TEST CIRCUIT 




s-i 


S2 


S3 


S4 


S5 


S6 


S7 


Input 
Voltage 


Measure 


Zero Reading 


X 


X 
















Display should read + 0000 or -0000 


Ratiometer Error 





X 


X 







X 







Display reads 9998 to 1 0,000 


Rollover Error 





X 















«=199mV 


Rollover error is difference in reading 
as S7 reverses the Input voltage polarity 


In Hi Input Leakage 





X 





X 












Leakage in pA = reading h- 10 


In Lo Input Leakage 














X 










, , . reading 
Leal<age in pA — 


Common Mode 
Rejection Ratio 


X 




















Display should read ±0000 for 
Vck. <3V 


Linearity 





X 












-t- 


to full scale 
in 0.1 FS 
increments 


Measure input V w/ 5V2 digit meter 
compare v«/ displayed reading 


Zero Coite wi<dth 





X 















=»95uV 


Find ±0009 to ±0010 transition 


Noise 





X 














Near ov and 
full scale 


Measure width of transition band 
where display sfiows two adjacent 

readings 


X = Closed = Open — = Don't care 
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ADVANTAGE 



EFFEGf OF NmSE ON A / D 

^ U rDEAL NOISELESS A/D 



^1 



A/D WITH 1/3LSB NOISE 
H— 




DISPLAY READS V 95% OF TIME 
imQV+1LSB5%0FTIME 



DISPLAY READS V AND V+1LSB 
EQUALLY OFTEN 

DISPLAY ALVMYS READS V 



I 

V V+1/2LSB V+ILSB 
INPUT VOLTAGE 



This graph is an expanded view of the A/D trans- 
fer function, showing just 1 count of the entire 
+20,000 count range of the ICL7129A. The ideal 
A/D would have a staircase transfer function 
with a sharp transition between adjacent dis- 
played codes. A real A/D, however, shows the 
effect of noise by sometimes displaying an 
adjacent code. 

The noise of integrating A/Ds has tradition- 
ally been specified using the phrase "noise not 
exceeded 95% of the time". This is measured by 
carefully adjusting the input voltage until the 
display shows one reading (V for example) for 
95% of the conversicnis, and the adjacent reading 
(V+llSB) for 5% of the conversions (once every 
10 seconds at the 2 conversion/second reading 
rate of the ICL7129A). Note and record this 
voltage. Now adjust the input voltage until the 
A/D displays V+ltSB for 95% of the conversions 
and V for 5% of the conversions. The "not 
exceeded 95% of the time" noise is the differ- 
ence betwean thiA inpat voltage ani ttm <fii»t 



input which you recorded. This noise measure- 
ment method is used by Maxim for design 
engineering characterization of A/Ds. 

An alternate noise meeisurement technique more 
suitable for ongoing QA screening is to step the 
input voltage in 1/10 count (LSB) st^>s. 
Observe the display for approximately 10 or 20 
conversions at each input voltage step, noting 
at how many of the steps the A/D display 
flickers between adjacent counts. A perfect A/D 
will show only one value for any given input. 
An A/D with noise of approximately 1/2 count 
will have a steQile reading on 5 of the 10 input 
voltage steps and will flicker between adjacent 
readings on 5 of the 10 input voltage steps. An 
A/D with noise greater than 1 full count will 
flicker on all 10 voltage steps, and will show 
three different readings for one input voltage 
at some of the input voltage steps. This method 
is used by Mcixim's QA department to sajiple test 
the noise of A/D lots on an ongoing beisis. 



ynyjxiyn 

ADVANTAGE 



N0I3E REDUCTION TECHNIQUES 

• ICL7129A Commutation Reduces 1/f Noise 

• ICL7652 Preamp Raises Signal to 2V Full Scale 

• Digital Averaging and Filtering 

• Careful Circuit Design to Avoid Degradation 
of A/D Performance 



The noise of am h/X> can be rediiced by 
increasing the signal level with a low 
noise amplifier such as the ICL7652. 
This is often iised to convert thermo- 
couple or strain gauge signals from a 
luV/count signal up to a lOOuV/count 
signal . 

The ICL7129 commutates both the 
inputs and the outputs of the first 
differential pair of its buffer and 
integrator to botdi reduce offset emd 1/f 
noise. Any low frequency noise or off- 
set first adds to the voltage on the 
integrator capacitor, then subtracts 
vrtien the inputs euid outputs are con^ 
nratated. By making the two phases 
equal, offset and low frequency 1/f 
noise are ozincelled out. 



COMPONENT SELECTION FOR A/ Ps 

integrator Capacitor 

• Low Dielectric Absorption - Polypropylene 

• Poly^ter(lllylar^) Cau9»8^0.1% NonHMasrifp 

Auto Zero Capacitor 

• Low Leaicage - Almost Any Film Capacitor 
Reference Capacitor 

• Low Leakage 

• Low Dielectric Abserpttlon tf Reterenee 
Voltage Changes 
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ADVANTAGE 



LOW COST TEMPiPATURE METER 



TEMP SENSOR 




lOOk! 




SCALE MCTOR ZERO 
ADJUST ADJUST 



This low cost meter depends upon the -2.2mV/°C 
temperature coefficient of the Vgg of a diode- 
connected silicon NPN trcinsistor. Adjust the 
Zero Adjust potentiometer after placing the 
sensor in a 0°C ice bath. Then raise the sensor 
temperature to the upper end of the temperature 
range and adjust the Scale Factor potentiometer 
until the c or r e c t reading is cdaserved. 



For a limited tenperature remge, a single point 
calibration is sufficient: set the reference 
voltage to 220mV with the Scale Factor Adjust 
then adjust Zero until the correct temperature 
is displayed. If the temperature coefficient of 
the sensor transistor has been measured, set the 
reference voltage to 100 times its Vq^ change 
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ADVANTAGE 



RTD TEMPERATURE METER 



100" 



RtSISTANCE 
TMPtRATURE 

DETECTOR 



-L- 




TEMP 


Hp 






F 
C 


930? 
10000 


934 kl! 


21913 
39105 



REFEHEHCE 
HIGH 

REFEHEHCE 
LOW 



INPUT 

LOW /viyixix 



COMMOM 

VOLTAGE 




an mkf 



t, 100 pF 

*HI 



LIQUID 
CRrSTAL 
DISPLAY 



The common platinum resistcince sensor (also 
called PTIOO, RTD, or PRT) is a repeatable, 
steible, and reliable sensor. It is, however, 
nonlinear. "Biis circuit compensates for the 
nonlinearity by adding a correction signal to 
the refex«ice voltage via the op-amp UlA. 



Op amp UIB provides a zero offset correction by 
making the voltage at Input Low equal to the 
voltage at Input Hi^ ^en the RTD resistance is 
e^al to that of Rq. Since the ICL7136 is used 
in the ratiometric mode, no voltage reference is 



ADVANTAGE 



SIMPLIFIED CABLE METER 



icL nm 



REFHI 



COM 

IN LO 



Rum 



IVrepI 



Rbef = R IL.401 

'M <, l« HEfl 



The upper schematic is a simplified 
diagram of ratiometric ohms measurement. 
When the voltage between IN ID emd IN HI 
equals the voltage between REF LO eind 
REF HI, the ICL7106 will display 1000. 
For the cable length meter, the refer- 
ence resistor, Rref is set equal to the 
resistance of 2000 meters of cable (1000 
meters to a shunt + 1000 meters back) at 
40°C. The potentiometer R^q reduces the 
reference voltage to compensate for the 
+0.4%/°C temperature coefficient of the 
£i@sistance of copper wire. 

The resistor R(L,T) is the cable 
whose length is being measured. A strap 
or shunt is placed at the far end, and 
the neeu: end is connected to points A 
and B. The resistzmce between A and B 
is now a function of the cable length 
and temperature. 

In the complete schematic, R7-R10 are 
selectable resistors which correspond to 
^REF °^ ^® simplified schematic, R2-R6 
correspond to R^q, and the cable itself 
is R(L,T), 
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ADVANTAGE 



CABLE LENGTH METER 



2-25 
TO 
DISPLAY 



REF HI 
REF LO 

COM 
IN HI 
IN LO 



J37 100 pF 

36 



ICL7106 




TEMPERATURE 



DIAMETER 
Imml 

0.90 
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R2 
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1L Cz 

■J 0.1 



2m 
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0.22 ^Lf 



STRAP 
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ADVANTAGE 



OPERATION WITHOUT REFERENCE CAPACITOR 



ICL7106 
ICLT107 

CREF + 

Cref- 

IN HI 

IN LO 



: zzokn 

: lOk.'i 

SET VhEF = lOOOnV 



Usually, the reference capacitor is used 
as a floating voltage source to provide 
either a positive or negative reference 
during the Deintegrate phase, depending 
on the polarity of the input signal. If 
the input signal always has the saioe 
polarity, the reference capacitor can be 
eliminated by feeding the reference 
voltage directly into the Cj^gj, pdLns. 

For always-positive inputs, connect 
Cpp,p,+ to Common and Cjjj,p- to a negative 
reference voltage. If the input voltage 
is always negative, connect C^j^F" 
Common and apply a positive reference to 

This circuit can also be used to 
perform a "1/X" function, where the 
displayed reading is inversely propor- 
tional to the voltage being measured. 
For 1/X readings, connect the voltage to 
be meetsured to the Cp^p- {+ or -) 
terminal, and feed a fixed negative 
reference voltage into IN HI. Typical 
applications include RFM meters and 
conductance meters. 



ADVANTAGE 



LINEARIZATION OF SENSORS 



♦5W 

Y 




Chf- 


IN 

HI 






Cref* 






ANALOG 
COMMON 




oe„„ osc osc 

IN OUT 


BUF 
OSC 
OUT 



Oio on ot? 

R£S£I 

«M 

A 



This circuit performs an arbitrary 8- 
segment straight line approximation of 
any monotonic sensor. IttB TBt&r&ntx 
voltage, and therefore the slope, of 
straight line segment is selected 
by an 8-channel multiple}»r, IH6108. 
The ICL7109 Clock and Busy signals drive 
a counter such that a different refer- 
ence voltage is selected for eacdi 512 
counts during the A/D's Deintegrate 
phase, starting with SI for Deintegrate 
counts through 511. 

Calibrate the system by first adjust- 
ing the voltage input to SI for the 
proper reading with an input voltage 
corresponding to approximately 512 
counts. Then adjust the voltage at S2 
for the correct reading with an input 
corresponding to approximately 1024 
counts. Continue this proceedure for S3 
through 88. If the sensor's output 
function is repeateible from unit to 
unit, the voltages at S1-S8 can be gen- 
erated with fixed precision resistors. 
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ADVANTAGE 



LOGARITHMIC RATIO 



Rj > 9 M.n 




BUFF 


MT 


IN HI 




IN LO 




REFHI 


ICLTm 

KLnw 


REF LO 





This circuit displays the logarithmic 
ratio of two input voltages, and 
The ratio of Rl to R2 should be pre- 
cisely 1 to 9. Calibrate the circuit by 
adjusting Rp for a readingr of 10.00 «taai 
= 10 V2. 

Typical applicaticHis include, audio- 
level measurements, densitometry, and 
colorimetry. 



ADVANTAGE 



LOG RATIO WAVEFORMS 



PHASE I 
MITOZEBO 



IJHO COUNTS 




IAD COUNTS 



TotlUT 



CuSYHPTTOIE 



V FINAL 



ZjoncflimTS 



C TOTAL 



Hie resistor Rp in peurallel with the 
integrate capacitor meikes the voltage 
waveforms on the capacitor exponential 
rather than the linear reaaps of the 
normal canfiguration. 

Unlike normal, linear operation, the 
accuracy of this circuit depends on both 
the ratio and the absolute value of the 
@^mal conponttits. 
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PRODUCT COMPARISON 



Oavlee 


Maxtai 


IntanH 


Taledyna 


ICL7106 


✓ 


No Ovvrtoad Racovwy 


No Overload Racovary 


ICL 7107 


✓ 


No Overload Recovery 


No Overload Recovery 


ICL 7126 




No Overload Recovery 


No Overload Recovery 


ICL 7136 


V 




Not Available 


ICL 7109 


V 


No Ovarload Racovary 


No Overload Racovary 


ICL 7135 




Higher Supply Current 


Higher Supply Current 


ICL 7129 


✓ 


High Noise 


Not Available 
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ADVANTAGE 



QUALITY ASSURANCE 
RELIABILITY 
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ADVANTAGE 



QUALITY ASSURANCE 

• Conforms to Mil-t-4520aA " Inspeetion System 

Requirements" 

• Most of QA Systems Emulate Those Reiiuired by 

Mjl-Std-883C 

• Wni Be Fully Compliant to Mil-Q-98S8A "Quality 
Program Requiremetits" by RAfly, 19t6 

• Full Traceability 
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ADVANTAGE 



TRACEABILITY 

All Maxtm Products Are Fully 
Traeesble from Individual Product 
Back to Starting Material 

.nnnnnnnn 



A AFA T CA 8601 



UUUUULILILI 



-Date Code 

-Lot, Fab, and 
Assembly OSts 



ACCELERATED LIFE TESTING 

• More Than 85,000 Devices Tested 

• Every Manufacturing Lot Represented 

• 192 Hours at 150°c 

• Indl^rtdua! Product Reports Available 



9 Failures Per Billion Device Hours 



✓nxJXiyni 

ADVANTAaEi 
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ADVANTAGE 



ENVIRONMENTAL TESTING 

Pressure Pot 

• Every Assembly Lot Sampled 
(Non-Hermetic Packages) 

• Provides Control Gate for Integrtty of 
Passivation and Assembly 

8S°C/85% Humtdtty 

• Every Generic Device Type Evafuated 
on Regular Basis 

• Test Time Is 1000 Hrs., with Extensions 
to 2000 Hrs. 

• Excettent Cerrelatioti Between Pre^ure 
Pot & 8$ / 85 Toting 
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AOVANTAGe 



MAXIM QUALITY ASSURANCE 
MANUAL 

• QA Organization 

• QA Policy and Responsibility 

• Custmner Spec. Review System 

• Manufacturing Control 

• Control of Procured Items 

• Aetumed Material Preeefiura 



ADVANTAGE 



LOT BUYOFF PROCEI^URl 

• Every Unit Shipped Is Dlsposltloned by 
Quality Assurance Personnel 

• Following Data Mnef PS«t Aeocptanee 
Criteria: 

Test Yield 

Pt^essure Pot Results 
Life Test Results 
E.S.D. Evaluation 
Noise Characterization 

• No Other Company Reviews this Data on 
a Per-Lot Basis! 



ADVANTAGE 



NEW PRODUCT RELEASE PROCEDURE 

Checklist Includes: 

• Test Program Conforms to Data Sheet 

• Life Test Results Acceptable 

• Pressure Pot Results Acceptable 

• E.S.D. Sensitivity - Every Pin >2000V 

• Latch -Up Sensitivity - Every Pin Will Withstanci 

50mA Injected Current 

• Noise Performance Acceptable (Where Appropriate) 



ADVANTAGE 



MAXIM'S HI REL (HR) 
PROGRAM 

• Processing Emulates Screening Procedures 
Called Out in MIL STD 883C Method 5004 

• Lot Qual Data Available 

(Group A,B,C, & D) 

• Qualification and Traceabillty of All 
Raw Materials 
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ADVANTAGE 



OPERATIONAL AMPUFUEES 



• Chopper Stabilized 

• Low Power 



• Buffers 

• Power Op Amps 
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AB¥ANTAGE 



CHOPPER STABILIZED OP AMPS 

• How Do They Work 

• ±15V vs. ±5V Opwatkm 

• Thermocouple Preamplifier 

• Strain Gauge Instrumentation Amp 

• Measuring Current "Without" a Shunt 

• Nuifing a High Speed Op Amp 



Maxim makes two families of chopper 
sted>ilized op an^s. The ICL7650 and 
ICL7652 operate from +2.25 to +7.5V 
supplies. The MAX420/421/422/423 family 
operates from +2.5V to +16. 5V supplies, 
allowing operation from standard +15V 
analog power. Both families have 5uV 
guaranteed offset voltage and 50 nano- 
volts/°C offset voltage tenpco! 

Typical applications are strain gauge 
and thermocouple preamps, as well as 
other precision amplifiers which need 
very hi^ gsdn and/d" ultra-low offset 
voltage. 



ykiyjxiyki 

ADVAMTAOe 




Unlike older chopper amplifiers modules, 
chopper stabilized op amps eire DC 
coupled. The signal passes directly 
through the main amplifier, while the 
chopper stabilization is used only to 
correct the offset of the main amp- 
lifier, using a technique similar to the 
autozero phase of integrating A/Ds. 

During the first of the two phases, 
the null an^lifier iiputs are shorted, 
and its output c<smected to its own 
offset null adjust terminal. The open 
loop gain of the null amplifier reduces 
its effective offset to less than xuV. 
Ihe offset correction voltage is stored 
on an external 0,luF capacitor. 



yH/'JXI/H 
ADVANTAGE 




Now that the Null Amp has nearly zero 
offset, it monitors the voltage differ- 
ence between the ii^t terminals of the 
main anplifier. The Null Amp output 
drives the offset adjustment terminal of 
the main amplifier so that, through the 
external feedback network of the user's 
circuit, the input terminals of the Main 
Amp are driven so that they are exactly 
equal. The Main Anp's offset correction 
voltage is stored on a second external 
O.luF capacitor. 

This two phase correction cycle is 
repeated 350 times E>er second by the 
internal oscillator, or at a user- 
selected rate via the external clock 
ii^t. 
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ADVANTAGE 



MAX 420 Series 

±15 Volt Chopper S^ilized Op-Amp 

Features: 

• Sfjy Max Offset Voltage 

• ±15V Supply Operation 

• Input Voltage Range: +12V to -15V 

• Low Input Noise: 0.3/uVp.p (DC - 1Hz) 

• High Gain, CMRR, PSRR 

• Low Power CMOS Design: O.SmA Max Supply Current 

• Low Input Bias Current: 30pA Max 



Hie MAX420 brings together the outstand- 
ing performance of the ICL7652 with the 
ease-of-usfc of +15V supplies. 



ADVANTAGE 



MAX 420 FAMILY 

±15 Volt Chopper Amplifier 



HIPUTy- 



-AW- 




HhHH 



This simple circuit is a gain-of-1000 
inverting amplifier. It will amplify 
sub-millivolt signals up to signal 
levels suitable for furtJier processing. 
In almost all system applications it is 
best to use as much gain as possible in 
the MAX420, thus minimizing the effects 
of later-stage offsete. For example, if 
circuitry following the MAX420 has an 
offset of 5mV, the additional offset 
referred back to the MAX420 input (gain 
= 1000) will be 5uV, doubling th@ 
syst^'s offset error. 



ADVANTAGE 



CURRENT SHUNT AMP 
• Ultra Low Voltage Drop 




^hHH 



-■; .0011! SHUNT IRil 
lUTEr' 

-±' SUPPLY 6R0UMI 



This circuit measures the power supply 
current of a circuit without really 
having a current shunt resistor: Rl is 
only 3 centimeters of #20 gauge (O.Sram 
diameter) copper wire. A length of the 
power distribution wiring can be used 
for Rl. The MAX420's CMVR includes its 
own negative power supply, therefore it 
can both be powered by and measure cur- 
rent in the ground line. 
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ADVANTAGE 



THERMOCOUPLE PREAMP 



lokii isiaiiii 

+ I5V O — Wv-f-S^/V- ' 



— wv— 

2l>kll 




lOkl) 

0-I5V 
■ ICL8069 III 



, ll)«iW/°C @ 25''C 
I2m»/°C @ /WC 



The MAX420 is operated at a gain of 191 to 
convert the 52uV/°c output of the t^pe J thenno- 
ccsuple to a 10mV/°C signal. Hie -2.2ittV/°C tranpco 
of the 2N3904 is added into the summing junction 
with a gain of 42.2 to provide cold junction 
coitpensation. The ICL8069 is iised to remove the 
offset caused by the 600mV initial voltage of 



the 2N3904. Adjust the lOK trimpot for the 
proper reading with the 2N3904 and isothermal 
connection block at a temperature near the cen- 
ter of the circuit's operating range. 

Use the component values shown in parentheses 
i^sen teing a type K thermocoi^le. 



ADVANTAGE 



STRAIN GAUGE INSTRUMENTATION AMPLIFIER 




1 






This circuit has an overall gain of 320. More 
gain can easily be obtained by lowering the 
value of R2. Untrimmed V-,e is lOuV, and 



Untrimmed Vqo is lOuV, 
tenpcx) is less than 0.1uV/°c. 



'OS 



In many circuits, the OP07 can be ofmitted, with 
the two HAX421 differential outputs connected 
directly to the differential inputs of cin integ- 
rating A/D. 
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ADVANTAGE 



OP AMP TEST LOOP 




This classic circuit can readily be used to 
measure MAX420 VQg, PSRR, CMRR, and Igj^S- 
key to understanding the operation of this test 
circuit is to note that, when the loop is 
stabilized, the output of the servo amplifier is 
10,000 times the input voltage of the Device 
Under Test (DUT) , and that the output of the DOT 
is equal to the control input voltage at V^,. 

With Vj, = ov, V"'',V" = +15V, and SI and S2 
closed; the voltage at is the DOT V^g x 

10,000. 

Since open loop gain (AyQ^) is the change in 



output voltage divided by the change in the 
input voltage required to swing the output, AyoL 
can be found by measuring the change in Vqq as 
the control input, V^,, is varied to force a 
change in the IXJT output. 

similarly, PSRR and CMKR can be determined by 
measuring changes in Vgg as V"'",V~, and are 
changed- For exaitple, a +5V input common mode 
voltage can be simulated by setting V"*" = lOV, v~ 
= -20V, and = +5V. 

Bias current can be measured by measuring the 
change in as switches SI and S2 are opened. 
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ADVANTAGE 



LOW DRIFT HIGH SPEED POWER OP AMP 



O— Wr- 




■+ts«Kra 



'Hfou 



tZHpgumiT 



-KMKR 
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ADVANTAGE 



HYBRID AMPLIFIERS 
LH0101 Power Op Amp 

• 5 Amp Peak, 2 Amp Continuous Iqut 

• 300 pA Input Bias Current 

• 5 MHz Gain Bandwidth Product 



This circuit has the DC Vpg and gain 
characteristics of the MAX420, and the 
power handling and high speed AC charac- 
teristics of the IHOIOI. 

The MAX420 monitors and integrates 
the offset error at the inverting input 
of the IHOlOl, then adjusts the non- 
inverting input such that the inverting 
input voltage is witihin 5uV of ground. 
ISie i^(/47 ohm attenuator between the 
MAX420 and the IHOlOl input scales the 
offset adjustment range such that a +10V 
swing at the MAX420 output corrects for 
+50mV of offset in the IflOlOl 

"Hie MAX420 does not compensate for 
the output voltage error of the LHOlOl 
^BIAS ^ %DBK' this can be made 
negligible in most systems since the 
IHOlOl Iqxas only InA. 



The LHOlOl combines the low input bias 
current of an LF156 with a 5 Amp peak 
output current capability, in a TO-3 
package. 



ADVANTAGE 



CONSTANT SPEED MOTOR DRIVE 



A? 




rn 

aUWII^ FM MSt Mil « UH 



When the torque load on the motor 
increases, its current increases. This 
current increase is semeA across Kg, 
and positive feedback is applied to the 
noninverting terminal of the LHOlOl, 
tJiereby increasing the motor voltage to 
compaisate for the increased torque 
load. With the proper amount of 
positive feedback, the motor speed 
variation can be k^t below 1% from no 
load to full load. 
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LH0033/LH0063/BB3553 
BUFFERS 

• 6000V/ tiS Slew Rate 

• DC to 300MHz Bandwidth 

• ±5V to ± 18V Operation 

• Pin for Pin 2nd Sources 



These devices are popular for driving 
coaxial cables, distribution and buffer- 
ing of video signals, and as buffers at 
the inputs of high speed flash A/D 
c»nverters. 



yMXiXI^M 
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ICL 76XX 
Low PGwer Op -Amps 

• CMOS - Flea Power Consumption 

• CMOS - Out Performs Bi-Fet 

Amplifiers: laias = 1.0 pA 
loffmt= 0.5 pA 

• Singles, Duals, Triples, Quads 

• Improved ESD Protection 

• 100% Bum-In of All Parts 



The ICL7611 family of CMOS ap-aaps are 
most often used in: 

1} Battery powered systems vAiere lOuA 

operating current is desired. 

2) +5V only systems, where the rail-to- 
rail output swing and guaranteed lew 

voltage operation are needed. 

3) Applications such as photodiode 
transimpedance amplifiers and pH meters 
which require IpA ii^ut bias current. 



48 



ykiyjxiyn 

ADVANTAGE 



LCD DRIVERS COUNTERS TIMERS 
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ADVANTAGE 



MAXIM 

DISPLAY DECODER /DRIVERS 



Device 


4 Digit 


8 Digit 


10 Digit 


4 Char 


5 Char 


LCD 


LED 


ICM 7211 


X 










X 




ICM 7212 


X 












X 


MAX 7231 




X 








X 




MAX 7232 






X 






X 




MAX 7233 








X 




X 




MAX 7234 










X 


X 




ICM 7218 




X 










X 



ADVANTAGE 



LCD DIRECT ilRIVE WAW F@lllii 
Backplane 

Off Segments 
On S^p<>^* 




LCDs require an AC drive waveform since 
DC voltages in excess of 50mV will dam- 
age the displays. To turn ON a segment, 
LCD display drivers connect that segment 
to a signal that is 180° out of phase 
with the backplcine drive signal, lliis 
results in an an AC voltage across the 
segments which is twice the display 
voltage. OFF se^nents are driven in 
phase with the backplane, and ther^ore 
have no AC voltage across them. 
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ADVANTAGE 



TRIPLEXED LCD WAVEFORMS 

COM 1 I 




Trlplexed LCDs have three backplanes, 
and every segment line drives three 
separate segments, one for each back- 
plane. The backplane waveforms have 6 
separate phases. 

During each of the first three 
phases, one backplane is at the most 
positive voltage, while the other two 
are at the lower intermediate voltage, 
V^. The remaining three phases are son 
inversion of the first three: the three 
backplanes are each connected to the 
lo«irest voltage, Vpjgp, for one f^se 
vrtiile the other two backplanes are at 



the higher intermediate voltage, V 



H- 
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ADVANTAGE 



VOLTAGE LEVELS DURING 4>1 
C0M1 



T 

1/3 Vp 

— I — OFF Segment Line 

Vp 1/3 Vp 

-pJ— COM2, COM3 
1/3 Vp 

* ON Segment Line 

OFF Segment 

- 1 / 3 Vp to Ail Commons 
ON Segment 

- Vp to C0M1 

- 1/3 Vp to COM2, COM3 



The problem that must be solved is how 
to turn ON or OFF each of the three 
segments that are drivai Toy a single 
segment drive line. To turn ON the 
segment referenced to COMl (backplane 
1), the LCD display driver will drive 
the segment drive line to the lowest 
display voltage. This applies the full 
display voltage across the segment ref- 
erenced to COMl, but only applies 1/3 of 
the display voltage across the segments 
referenced to COM2 and COM3. This 1/3 
display voltage is below the turn-on 
tdizeshold of the di^lay, so these seg- 
ments eure not turtwd ON during this 
{Aiase. 

If the segment referenced to COMl is 
supposed to be OFF, the LCD display 
driver drives tJie segment line to the 
upper intermediate voltage level, there- 
by applying 1/3 display voltage to all 
three segments driven by the segment 
line. 
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DRIVE VOLTAGE VS. CONTRAST 
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If the waveforms shown in the previous two 
slides are analyzed, it can be shown that an ON 
segment has an RMS voltage applied which is 
1.92/3 X Vj-jj-gp. The OFF segments are driven 
with an RMS voltage of Vjjjgp/3. This means that 
the ratio of ON to OFF voltage is 1.92 for a 
triplexed display. 

The ideal LCD fluid would have ein RHS Drive 
Voltage to Contreist characteristic of 0% con- 
trast up to the turn-on voltage and 100% for all 
voltages eibove the turn-on voltage. While 
actual LCD fluids do not have this "brick wall" 



characteristic, the abrupt change in contrast is 
sufficient for reliable operation with triplexed 
waveforms. With V^jgp = 3.3V, the OFF segments 
have I.IV RMS applied and contrast of less than 
10%. The ON segments have 2.1V applied and at 
least 50% contrast at all viewing angles (the 
different curves on the graph show the contrast 
for different viewing angles). A 16 row multi- 
plexed IjCD display, on the other hand, has only 
a 1.291 ON/OFF voltage ratio, and the ON seg- 
ments would have less than 30% contrast using 
the LCD cdiaracteristic ^a«m. 
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ADVANTAGE 



ICM 7218 
8 Digit LED Driver 

• 8 Digits of 7 Segments & D.P. or 

64 Individually Controlled Segments 

• HEX, Code B or No-Decode 

• On -board Digit Drivers 

• Low Power CMOS 



The ICM7218 can accept and decode data 
either in BCD or HEX format, or can 
accept bit-mapped data with individual 
control of each of the 64 LED segments. 
In this circuit the no-decode mode is 
used to drive 50 LEDs configured as a 
bargraph, and 14 LEDs configured as a 
two digit 7-segment display. This cir- 
cuit can display a quantity as both a 2% 
resolution analog display and as a to 
99 digital display. 



AOWAMrj^E 



\CmZiB DRTVES BAfKSRAPH AND DIGJTS 



1111-7 



ADDRESS 
DECDDE 



UT« lUS TO 
own OEVKXS 
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T 
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The Maxim ICM7218 is dixectly bus- 
cxjap&tffile with most microprocessors. 
It has a minimum write pulse width of 
200ns and data/address setup time of 
25Ctos. Wiiie Mh<& ICM72X8 uses only 5uA 
of current when shutdown, the onboard 
digit drivers supply 300mA of LED drive 
current. 



54 



ADVANTAGE 



POSITION CONTROLLER USING ICM7217 

• Thumbwheel Preset • Up-Down • Direct LED Drive 



•GO TO ■ 
PRESET 



mmmm 



UP/OOWN- 



/v\y\-x.\yv\ 

ICM721 



POSITION 
DISPLAY 



8888 




In this simplified block diagram the 
ICM7217 compares the desired position as 
indicated by the thumbwheel switch with 
the actual position as determined by the 
number of pulses generated by the 
incremental encoder. When the actual 
position equals the desired position, 
the ICM7217 Equal output turns off the 
motor driver. 

More sophisticated controllers use a 
quadrature encoder to generate both Up 
and Down position pulses. With 
relatively simple input conditioning 
circuits the ICM7217 can count XI, X2 or 
X4 guadrerture signals, or up^ount and 
down-count signals, as well as operating 
with Count and Up/ Down signals. 
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Hiis Anp-Hour meter uses the ICL7107 h/D 
to both display the instantaneous cur- 
rent, and to generate a stream of pulses 
which are integrated and displayed by 
the ICM7217 counter. Thtmtowheel presets 
can be added to the ICM7217 to perform 
control fvinctions, such as shutting off 
the power supply in a plating operation 
or battery charger once the desired Amp- 
Hour charge has been reached. 

Hie ocOTion mode shift of the refer- 
ence capacitor during the Deintegrate 
phase is used to generate a pulse stream 
that is proportional to the voltage at 
IN HI, and proportional to the oscil- 
lator frequency. The ICL7107 scale 
factor is set by the reference voltage 
and the 0.1 ohm resistor. The Amp-Hour 
scale factor can be adjvisted by cdianging 
either the oscillator frequ^Ky or the 
2-^^ prescaler. 



55 



yi/iyjxiyn 

ADVANTAGE 





MAXIM COUNTERS & TIMERS 


• 


ICM 7555/7556 




CMOS Versions of 555 and 556 Tttiiel^ 


• 


ICM 7224 






• 


ICM 7225 




4 1/2 Digit Counter w / LEO Driver 


• 


ICM 7217 




4 Digit Up /Down Counter w/ LED Driver, 




Preset /Compare Register 




Equal and Zero Outputs 


• 


ICM 7240/42/50/60 




Long Range RC Timers with Counters 




Prografflittable Time Delsys 



ADVANTAGE 



ICM 7555/7556 
Single & Dual RC Timers 

Maxim Advantage Specs: 

• Lower Supply Current - 1 20 |jA vs. 200 ^ 

• Increased Output Source Current - 
2.0 mA vs. 1.0 mA 

• Improved ESD Pfolteftoti 

• 100% Burn- in 



ynyjxiyki 

ADVANTAGE 



ICM 7240 FAMILY OF 
PROGRAMMABLE COUNTERS 

• On-Board Programmable Counter 

Device Maximum Count Format 

ICM 7240 255 Binary 

ICM 7250 99 BCD 

ICM 7260 59 Horologlcal 

ICM 7242 128/256 Fixed 

• Low Power CMOS - 120|j.A io 

• Programmable DIvide-by-N Operation 

• Cascadeable for Longer Delays 



These counters combine an RC oscillator 
with an 8 bit, two digit, or modulo 60 
counter. Typical applications are 
OM/OPF delay timers, ultra-long time 
delay generators, and programmable 
counters for electromechanical equip- 
ment. The time delay can be progretitniied 
using jumpers, DIP switd^s, or thumb- 
wheel switches. 
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ADVANTAGE 



ANALOG SWITCHES 
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IHS043 ¥S. CB4016 




IH5043 


CD40 16/66 


Input Range 


±15 


+7.SV 


Hon 


tsn 


300 n 


Leakage 


SnA 


SOnA 


Level Shifters 


Yes 


No 


Punetfon 


Single 


Quad 




Dual 


8 CH MUX 




Single Diff 


4 CH DIff MUX 




Dual Dtf t 






Quad 






Mor» 





The IH5040 has three major advamtages 
over the CD4016 and CD4066: 

1) The IH5040 has logic level 
translators, so the logic iiput range 
and tl^ analog voltage ragige can be 
ind^ei^ently chosen. 

2) The IH5040 will switcdi +15V signals 
(CD4016 is limited to +7.5V). 

3) The IH5040 family has improved Rqj, 
and lea}cage E^>eclfications. 
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ADVANTAGE 






IH5341 /52 


DG188/IH5040 


10MHz Isolation 


70dB MIN 


SOdB 


10 MHz Crosstalk 


70dB MIN 


20dB 


Leakage 


InA 


SnA 


Ron 


75Q 


7S0 



13ie ZH5341 and IH5352 video switches 
excel in applications using 75 ohm or 50 
ohm coaxial cable, and in those applica- 
tions requiring hi^ OFF isolation and 
crosstalk isolation up to lOOMHz. 
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ADVANTAGE 



IH5341/5352 

Oual/Quacl Video Switches 

Features: 

• "OFF" Isolation >70dB @ 10MHz 

• Cross Coupling Isolation >70dB @ 10MHz 

• refc{«n) <75n 

• ±5V to ±tSV Operating Supply Range 

• Supply Currents <1/iA 

• Fast, Break-Bef ore-Make Switching (70ns/160ns typ.) 
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ADVAMTA6E 



VIDEOS^JTOH 



O — -|-AAA/-j— 



mS341 

t'*l 



>: ; 




This "lossless" video switch iises the 
NE5539 in a non-inverting gain of two 
(set by the 1.8 kilohm resistors) to 
restore the video signal level to its 
orignal amplitude. In meiny systems 
there is a 6dB loss in each coaxial 
cable since the signal source is back- 
terminated with a 75 ohm resistance and 
the receiving end of the coax is also 
terminated in 75 ohm. 



ADVANTAGE 



LH0063/IH5341 VIDEO CROSSPOINT SWITCH 

LHOOSS IH5341 LH0063 



I 



CONTMIL 





-Wv- 




The IH5341 saves space ^d reduces 
component count in crosspoint video 
switches by replacing PIN diodes and 
their level translators. 

The IH0063's 300MHz bandwidth and 50 
ohm cable drive capability are well 
suited for video buffering applications 
such as crosspoint switches. 
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ADVANTAGE 



SUBMULTIPLEXiNG MINIMIZES LEAKAGE 

BUSSED OUTPUT SUBMUXED OUTPUT 



CHI - 



DG508 



CHI 



DG508 



-oirr 



^>1XI>VI 

DG508 






1 1 



DG508 



CH64 • \ CHM I 



DGSOa 



— OUT 



Reccjgnizing that leakage current is a 
critical analog switch specification, 
Mcixim guarcintees an OFF channel leaJcage 
of only O.lnA (only 1/100 of the 
industry standard spec) and ON channel 
leakage of 0.2nA (1/50 of industry 
stcoidanl sfx^). This may still be too 
much leakage current if many channels 
are bussed together as shovm in the left 
side of this slide. 

Submultiplexing as shown on the right 
hand side will reduce the total system 
leakage. Another benefit is that the 
digital interface is simplified since no 
chip enable decoders are needed. 



ADVANTAGE 



DEMULTIPLEXING A 16-BIT DAC 
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Two DG508AS can be combined with low 
cost buffer amplifiers to generate eight 
16 bit acxuracy outpjts trcm one 16 bit 
DkC. 

The upper DG508A routes the DAC 

output to 1 of 8 sets of voltage-hold 
capacitors and buffers. The lower 
D6508A closes a feedback loc^ by 
selecting the appropriate buffer ou^iut. 
The DAC output amplifier will drive the 
hold capacitor such that the buffer 
amplifier output is equal to the DAC 
output. The buffer amplifier VQg there- 
fore is not critical, and the buffer 
need only be low leakage to reduce the 
"voltage droop" while the other channels 
are being updated. The amplifier at the 
output of the DAC should be a high 
quality eoplifier with both low Vqq and 
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DOUBLE-BALANCED MIXER 



IH5U3 
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This simple circuit can be used for many 
different applications suc^ as double 
sideband (DSB) modulators (fo^^^lN^' 
well as synchronous detectors, and phase 
sensitive detectors (fg = 2fj^). 

The balemced digital drive circuit 
and the low charge injection of the 
IH5043 combine with a balanced op amp 
input circuit to provide greater than 60 
dB local oscillator rejection. 

Trim for maximum rejection by apply- 
ing a DC signal to the input and 
trisaaing any one of the resistors for 
minimm local oscillator feedthrouc^. 
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ADVANTAOEl 



SIMPLE BOXCAR AVERAGER 
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±: C 



TIME 
DEUr 



By closing the switch for only a short 
sampling period, at exactly the same 
point in each cycle of the input wave- 
form, the capacitor is charged to the 
voltage of the periodic input waveform 
at the sampling point. Random or 
periodic, but asynchronous, signals do 
not charge the capacitor since tiieir 
average voltage is zero. This circuit 
can therefore generate a relatively 
noise-free ssanple of a signal "buried" 
in noise. 

The signal-to-noise improvement is 
2RC/T, where T is the period for which 
the switch is closed. The circuit must 
seonple for SRC x T x F to settle within 
0.7% of the final value, where T is the 
sampling period euid F is the sampling 
frequency. 

A low-noise reconstruction of a noisy 
signal c<m be recovered by slowly 
increasing the time delay betweai the 
trigger axi& the sanple period. 
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ADVANTAGEl 



COMMUTATING FILTER 



PERIODIC 
ANALOG > 
INPUT 



SAMPLE 
CLOCK 
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DGSOBA 



Ao-Z 



S, " 
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S8 



^ c 
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This circuit is similar to 8 boxcar 
averaging circuits with the saspling 
period and the delay between each stage 
equal to the sample clock period. 
If the sample clock is exactly 8 times 
the f regency of the input signal, the 8 
analog outputs will be noise-reduced 
samples of the signal at 8 points spaced 
45° apart. Random noise and periodic, 
but asynchronous, signals will be fil- 
tered out by the RC lowpass filters on 
each output, leaving only the periodic 
input signal vrtiich is syiudironous (or 
nesorly so) with the saunple clock. 



MF10 

Dual Universal Switched Capacitor Filter 
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MF10 
I 

Q = 0.54 I Q = 1.3 
Fo = 2kHz i Fo = 2kHz 
I 



VOUT 



4TH ORDER, 2kHz IjOWRASS 
BUTTERWORTH FILT0i 



In many applications the MFIO switched 
capacitor filter significantly reduces 
the size, oanponent count, and cost of a 
filter function vrtiile improving its 
accuracy and eliminating production 
trims. "Hie cutoff and center 
frequencies of an MFlo filter function 
can also be chemged by varying the clock 
frequency — easily done with standard 
micrc^rocessor perifdierals such as the 
8253. 

The MFIO implements two classic state 
variable 2nd order filters, replacing 
most of the resistors with on-chip 
switched capacitors. The MFIO also 
requires no external capacitors. 
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ADVANTAGE 



MAX232 
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ADVANTAGE 



RS-232 OUTPUT FROM 5V 

DG-DC Convwter Metlute + MCUm + MC1489 
Or... 

ICL7660 + ICL7660 + MC1488 + MC1489 
Or... 

MAX631 + MC1488 + MC1489 
Or... 
MAX232 



until Maxim introduced the MAX232, the 

system designer of a +5V powered system 
had limited options for powering an RS- 
232 output: he could "cheat" and send 
OV to +5V signals and hope that it 
worked; he could purchase an expensive 
DC-DC converter nodule and power an 
MC1488 from +12; or he could use one or 
more ICL7660S, but usually had to build 
his own level translators since the 
MC1488 draws significemt power. 



ADVANTAGE 



MAX 232 

+5V Powered Dual RS-232 Trammiitter/Receiver 

Features: 

• Operates from Single 5V Power Supply 

• Meets all RS-232C Specificatiem 

• 2 Drivers and 2 Receivers 

• Onboard Voltage Quadrupier 

• ±30V Input Levels 

• ±9V Output Swing witti +5V Supply 



The MAX232, 4 low cost 22uF capacitors, 
and a +5V input are all that is required 
for most RS-232 communication inter- 
faces. The HAX232 has two tremsmitters 
and two receivers which meet all EIA RS- 
232C specifications vtfien operated from a 
4.5V to 5.5V input voltage. Two onboard 
charge pciap voltage c^verters generate 
+10V outputs which are used to develop 
the +5V minimum swings required by the 
EIA tis-232 &pde^ic^m^ 



ADVANTAGE 



RS-232C SPECIFICATIONS 



Output Swing, 3Kn Load 
Output Swing, Open Circuit 
Slew Rate 
input Threshold 
iMax input Voltage 
input Resistanee 



±5V Min 
±15V Max 
30V /|xs Max 
±3V Max 
±25V 

3Kn toTKQ 



MAX232 Meets or Exceed All RS-232 Specif icatiom 
over Temperature and Vcc = 5V± 10% 



The RS-232 specification calls for a 2V 
logic noise margiji: the trzuismitt;ers 
must deliver at least +5V swing, \diile 
the receivers must respond to signals 
vrtiich swing +3V. The slew rate is 
specified at a maximtm of 30V/us to 
reduce ringing and reflection problems, 
while the receiver input impedance is 
specified to be between 3 kilohms emd 7 
kilohms to provide a kncMn terminating 
impedance . 

R5-423 has similar specifications, 
but the slew rate is programmable for 
very high (>38kbaud) data rates. Except 
at very high data rates, RS-232 and the 
MAX232 is conpatible with KS-423. 
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ADVANTAGE 



MAX 232 

Dual RS232 Transmitter/Receiver 
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-< ™ 
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This simple circuit implements a duplex RS-232 
port with crs/RTS handshaking. DTR is active 
whenever the MAX232 is powered, other fixed 



output signals such as DSRS (data signaling rate 
select) can also be generated by driving them 
through a 3k resistor connected to v'*'. 
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ADVANTAGE 



Combining Two l\/IAX232s 
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